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We,. Badische Anilin- & Soda-Fabrik 
Akttengesellschaft, a German Joint Stock 
Company, of Ludwigshafea/Rhein; Federal 
Republic of. Germany* da hereby declare the 
invention* far* which we pray that a Patent 
may be granted ta ns, and* the method by 
which it is to be perfarmedy to be* particularly 
described* in and by the following statement : — 

This invention relates to a process for the 
pnxluetiott of polyamide molded articles in 
rotating? molds. 

It is known to prepare molded articles, such 
as pipes and gears, from molten; polyamides 
by centrifugal casting. For this purpose the 
polyamides must be heated to temperatures 
.at which,, especially in the presence of oxygen, 
they axe somewhat degraded and this becomes 
evident in a worsening in, the mechanical 
pnopertJes and by discoloration. It is therefore 
necessary to carry out this process under a 
protective gas, such as nitrogen or carbon 
dioxide. For this, purpose, particularly when 
making molded articles having large dimen- 
sions, it is necessary to have complicated and 
expensive apparatus. 

It is also known to prepare polyamide 
molded articles using, a mixture of melts of 
lactams having. Severn or more ring, members, 
activators and catalysts and if desired additives 
(such, a mixture hereinafter being referred to 
as polymerization formulation) which is in- 
troduced into rotating molds whose rotational 
speed corresponds to- a. centrifugal acceleration 
which is greater, than the acceleration due to 
gravity. Ia this way the mrits are forced 
uniformly against the walls of the molds. In 
these rotating molds, the lactams* are poly- 
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merized at. temperatures between their melting 
points and the: melting points of die poly- 
amides so- that the desired molded articles are 40 
formed. The process- is known as centrifugal 
polymerization casting. 

It is an. object of the present invention to 
prepare by the use of rotating; molds, poly- 
amide molded articles which can be removed 45 
readily from the molds. A further object of 
the invention', is the production of multilayer 
polyamide molded articles, Le.. shaped articles 
in which the layers consist of different poly- 
lactams, without practically any radial mixing 50 
of the layers taking place. It is another object 
of the invention, to prepare polyamide molded 
articles the external surface of which- corres- 
ponds to the internal surface of the mold; 

Yet another object of. the invention is the 55 
uniform distribution of fillers in the molded 
articles in cases where fillers are used: 

We have found an advantageous process for 
the production of polyamide molded articles 
by polymerization of molten polymerization 60 
formulations' consisting of mixtures of lactams 
having seven to fourteen ring members, alka- 
line catalysts- and activators in rotating heated 
molds. The characteristic feature of this pro- 
cess- is that the rotational speed- of the molds 65 
corresponds to a centrifugal acceleration at 
every point in the interior of the molds which 
is less than the acceleration due to gravity 
(which is equal to 9.81 txtsec 2 ). The preferred 
range is 9.7 nxsecr 2 to 0.5 m.secr 2 . La this 70 
way the melt of the polymerization formula- 
tion is not forced uniformly against the walls 
of the moid-, but forms a pool in the tower 
portion of the mold which fc carried* up by 
the rotating mold to an extent- which facreases 75 
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as the internal friction of the melt increases 
as the polymerization proceeds. 
Lactams -having spven— to^mmfm„jring. 



members which are suitable for the process 

5 are for example caprolactam, oenanthlactam, 
capryllactam, capric lactam, laurolactam or 
C-substituted derivatives of these lactams, 
such, as 3-methylcaprolactam and 4-isopn>pyl- 
caprolactam. Obviously mixtures of these 

10 lactams may also be used. The lactams may 
additionally . contains lactams connected to- 
gether by a bridge member, for example 
methylme-bis-caprolactams. 

Suitable polymerization catalysts for the 

15 process according to this invention are alkali 
metal, alkaline earth metal and Grignard 
catalysts such as metals of Groups IA and 
IIA of the Periodic System as shown on page 
394 of "Handbook of Chemistry and Physics", 

20. 38th edition, Cleveland, Ohioi, 1956—1957, 
for example sodium, potassium, lithium, the 
hydrides, oxides, hydroxides and amides of 
these metals, sodium or potassium compounds 
of alcohok, for example methanol, ethanol, 

25 butanol, lauryl alcohol, cetyi alcohol and 
steaiyl alcohol, and Grignard reagents Re- 
action products of lactams with alkali metals 
and alkaline earth metals and their alkaline 
reacting compounds, such as are described in 

30 British Patent Specification No. 868,808, are 
particularly suitable. These^ catalysts may be 
added to. and uniformly distributed by con- 
ventional methods in the lactam melts prior 
to introduction into the rotatable molds, in 

35 amounts of 0.01 to 5> preferably 0.1 to 2% 
by weight with reference to the total weight 
of lactam used. It is also possible, however, 
to . mix the; catalyst with the^ appropriate 
amount of a ctivat or and lactam, in the mold. 

40 Examples of suitable activators ate deriva- 
tives of inorganic and organic acids* such as 
halides, anhydrides, esters and nitrites, for 
example acetyl chloride;, benzoyl bromide, 
terephthaloyl chloride, phthalic anhydride, 

45 succinic anhydride^ tripheayl phosphate or 
butyl stearate, and also isocyanates and 
caibodiimides. Urea derivatives are particu- 
larly suitable, such as pyntdidone-N-(carb- 
oxylic add) - hexamethylene - diamide - 1,6, 

50 triphenylmethane - 4,4',4" - triscarbamido- 
caprclactam; N-substitnted carbamic esters, 
such as N-phenvlcarbamic acid ethyl ester, 
and also bis-isoalkylurethanes, such as N,N'- 
hexamethylene - 1,6 - isoprtjpylurethane; and 

55 also N-cyanolactamSj such as N-cyanooapro- 
lactam, N-cyanocapryllactam, and N-cyano- 
capric lactam. These N-cyana compounds may 
be prepared in known manner for example 
from the alkali lactamases and cyanogen 

60 chloride. 

The activators may be added in amounts 
of 0.05.to 10, preferably from 0.4 to 5% by 
weight with reference to the total amount of 
hctam used far the polymerization. Amounts 

65 outside there limits may also .be used for 



special purposes. The polymerization formula- 
tion is advantageously prepared by adding 
ca talysts to the lactam melts and then, prior 



to pouring or spraying the melts into the 
rotatable molds, adding one or mare of the 70 
said activators and uniformly distributing 
them in the melts. It is also possible, however, 
to add the catalyst to one portion of the melt 
of lactam and to add the activator to the 
other portion of the melt and then to mix the 75 
two melts during introduction into a rotatable 
mold, for example through mixing nozzles. 

The conventional additives may serve as 
reinforcements, fillers, lubricants, delustering 
agents, stabilizers and the like. Suitable fillers 80 
are inorganic and organic substances, for 
example metal powder, such as aluminum 
powder or copper powder, quartz powder, 
ground shale, sand, diatomaceous earth, poly- 
amides and other plastics. Examples of rein- 85 
forcing agents are glass staple fibers* non- 
woven glass fabrics or woven glass fabrics and 
other fibers and fabrics. Examples of delus- 
tering agents are titanium dioxide and zinc 
oxide and examples of suitable lubricants are 90 
graphite, lead powder and molybdenum 
sulfide. 

Examples of suitable brandling and cross- 
linking agents are alkylene, arylene and/or 
aralkylene diisocyanates or biscaibamidolac- 95 
tarns, for example hexamethylene diisocyanate^ 
toluylene diisocyanate, methylene Hscaprolac- 
tams, hexamethylene biscarba^docaprolactam, 
and also known trifunctional or higher func- 
tional compounds which may act at die same 100 
time as activators, such as triphenylmethane- 
4 > 4^4''-trisc^amidocaprolactam. 

Molds capable of being heated and axially 
symmetrical with respect to at least one axis 
are suitable as rotatable molds. Generally the 105 
molds are heated to temperatures between 
80° and 200°C prior to die introduction of 
the polymerization formulation in order to 
keep the monomer content at the outer surface 
of the polvamide molded article as low as 110 
possible. Polymerization may however be 
carried cut in unheated molds if the monomer 
content is not important, for example when 
the molded articles are to be machined The 
rotational speed of the mold necessary for 115 
the process according to this invention — which 
is hereinafter referred to as the rolling casting 
process— depends on the size of the molds and 
is sufficiently high to ensure that the centri- 
fugal acceleration a T of the molten poly- 120 
merization formulation is less than the acceler- 
ation due to gravity g. The formula for the 
centrifugal acceleration is: 

In the above equation, n is the number of 125 
revolutions per second and r is the distance 
of the wall from the center of the mold 

Pclyamide molded articles having an 
external surface corresponding to the inner 
surface of the mold are obtained in a single 130 
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operation by the rolling casH| process accord- 
ing to this invention, starting from monomelic 
lactams. It is a particular advantage! that the 
molded articles thus prepared cam be removed 
from the mold more readily thai* molded 
articles prepared by the centrifugal casting 
method. A further advantage of this new pro- 
cess is that multilayer molded articles can; be 
prepared by introducing a plurality of poly- 
merization formulations having different com- 
ponents successively into rotating molds. 
Practically no radial mixing of the layers 
takes place. The pouring in of the" layer* of" 
the _ polymerization formulations may be 
earned out by pouring in the next layer after 
the preceding one has become solid In this 
way, for example, tubes or rollers may be 
prepared which have a very low internal 
stress. Moreover the rolling casting process; 
as distinct from centrifugal casting, affords a 
uniform radial distribution of any fillers used. 
Because of the smaller centrifugal acceleration, 
the polymerisation contraction in a radial 
direction cam be better accomplished by roiling 
casting than by centrifugal casting wherebv 
a better removal from the mould is obtained. 

Molded articles prer/ared by the process 
according to this invention are practically free 
from bubbles. The monomer content is in 
general less than 3% by weight. The poly- 
amides, depending cs* the type of initial com- 
ponents used, have K-values between 60 and 
150, measured according to FSkentschef, 
CeUuloser-Chemie, 13, (1932), page 58. K 
crosslinking or branching agents have been 
added, the K-value cannot be determined, 
because the products obtained cannot be 
brought into solution. Such molded articles are 
distinguished by particularly high grade 
properties. 

The invention is further illustrated by the 
following Examples in which the parrs are 
by weight 

Example 1 
An aluminum tube having art internal dia- 
meter of 10 cm and a length of 49 cm and 
flanged at both ends is preheated to 140°C 
and rotated in a rolling frame at 50 r.pm, 
Caprolactom (402 parts) is melted in a vessel 
and heated to 110°C. Then 98 parts of a 
reaction product of 1.3 moles of sodium 
methylate with 8.6 moles of caproiactam is 
dissolved therein. 20 parts of Hs-caprofectam- 
N - carbotxylic acid - hexamethylenediamide - 
1,6 is dissolved at 100°C in a second meh of 
455 parts of caproiactam and 25 parts of 
capryllactam. The two melts are then mixed 
at 100°C and poured through a amoentric 
opening into the rotating aluminum tube. 
During the first ten minutes^ the aluminum! 
tube is heated externally with at gas flame 
and after another tea minutes the product is 
removed from the aluminum tuba A poly- 
amide tube is obtained having a very glossy 
smooth inner and outer surface. 



Example _ 
A mixture at 100°C of two melts, the first 
consisting of 241 parts of caproiactam and 49 
■^art^_of_a t ^jyflr!rioTi product of IS moles of 

omnium ma4inlflf«i ■ ■ ■« « W O £. — ~ £■ - . 



sodium methylate with 8.6 moles of capro- 70 
lactam and the second consisting of 273 parts 
of caproiactam, 15 parts of capryllactam and 
. 12 parts of bis-caprolactam-NH3ulK)xylic acid- 
hexamethylenediamide-1,6, is introduced into 
the tube preheated to 140°C described in 75 
Example 1. The tube rotates at 100 r.p.m. 
Four minutes later, a second mixture is added 
composed like the first but containing addi- 
tionally 30 parts of molybdenum disulfide. 
After a further ten minutes heating is dis- 80 
continued and ten minutes after that the pro- 
duct is removed from the aluminum tube. 
When the polyamide tube obtained is cut 
through it may be seen that there are two 
layers superposed concentrically. The inner 85 
and outer surfaces of the polyamide tube are 
completely smooth. 

Example 3 

A cylindrical mold 1 meter in length and * 
50 cm in internal! diameter which is steam 90 
heated through central stuffing boxes is pro- 
vided with removable closures, one of which 
has an eccentric dosable opening. The mold 
is rotated at 35 r.pmt and heated to 130°C 
Two melts at 1 10°C aro suppfied to the mold 95 
through a mixing nozzle. One mdt consists 
of 235 parts of caproiactam and 15 pans of 
a reaction! product of 1.3 moles of sodium 
methylate with 8.6 modes of oaprolactain, and 
the other mdt consists of 228 parts of capro- 100 
lactum, 10 parts of capryllactam and 13 parts 
of b^(caprolactam - N - carfxacySc add) - 
hexamethyIenedhunide-1,6. Heating is discon- 
tinued after fifteen minutes and the polyamide 
tube obtained is removed from the mcM thirty 105 
minutes later. It has a smooth inner surface 
and is completdy homogeneous. 

Example 4 
A polyamide layer having the same com- 
nositiott and amount as specified ia Example 110 
1 is produced in the aluminum tube specified 
m Example 1 which is however rwatm* at 
80 t.djtl Four minutes later, a glass fabric 
is laid in a triple layer and die same amount 
of the TOlvmerization fbmufatron is added 115 
during further rotation of the tube. The pro- 
duct is removed from the tube fifteen minutes 
later. A tube reinforced with glass fibers and 
having no pockets is obtained which can with- 
stand particularly h?gb compressive stresses. 120 

WH AT WE CLAIM IS:— 

1. A process for the ptoduction of polyamide 
maided articles by polymerization of molten 
polymerization! formulations of lactams having 
seven to fourteen ring member alkaline 125 
catalysts and activators inf rotating heated 
molds, whereto the speed of rotation of the 
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mold corresponds at every point m the in- 
terior of the mold to a centrifugal acoslera- 
-tion-whicL is - less than Jthe^acgderation due 
to jj ffi ivity. , 

2, A process as claimed in daim 1 therein 
the rotating mould is heated to a temperature 
between 80° and 200 p G prior to the intro- 
duction* of- the polymerization foitmdatian. 

3. A- process as claimed in daim 1 or 2 
wherein a plurality of polymerization formula- 
tions of different composition are introduced 
successively into the mold. 



4. The process for the production of poly- 
amide molded artides substantially as 
descri bed in any of the for eg oing Examples. 
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